The purpose of this study was to determine racial differences in the prevalence of different types of lens opacities and cataract surgery. Between 1993 and 1995, the Salisbury Eye Evaluation (SEE) Project enrolled a representative sample of 2,520 community-dwelling persons aged 65-84 years in Salisbury, Maryland, 26.4% of whom were African-American. Participants received a full eye examination, and photographs were taken for documentation of lens status. Photographs were graded using a standardized grading system for the presence of cortical, nuclear, or posterior subcapsular cataract (PSC) opacification in at least one eye. The odds of having cortical opacities were 4.0 times greater among African Americans than among Caucasians (95% confidence interval (Cl) 3.3-4.8). Caucasians were significantly more likely to have nuclear opacities (odds ratio = 2.1, 95% Cl 1.7-2.6) and PSC opacities (odds ratio = 2.5, 95% Cl 1.7-3.6). The odds of cataract surgery were 2.8 times higher among Caucasians, but these differences did not explain the differences in the prevalence of different types of lens opacities by racial group. With lower rates of nuclear and PSC opacities than Caucasians, African Americans may have a lower demand for cataract surgery. However, even with these differences, there is still significant unnecessary loss of vision due to cataract among older African Americans, for whom programs to ensure access to surgical care are indicated. Am J Epidemiol 1998; 148:1033-9.
It is known that visually significant cataract is a public health problem in the African-American population. Unoperated cataract was the single leading cause of blindness in one inner city African-American study (1) , suggesting that more cataract surgery may be indicated in this population. However, in studies using the Medicare database, cataract surgery rates in African Americans appear to be significantly lower than Caucasian rates (2) . If African Americans have similar prevalences of lens opacity in comparison with Caucasians and similar distributions of opacity types, then lower surgery rates in African Americans might truly reflect problems of differential access among populations with similar needs.
However, there are few data on the prevalence of different types of lens opacities in African Americans, since population-based studies that have gathered data on lens opacities have been performed primarily in Caucasian populations (3) (4) (5) (6) (7) (8) . Two studies that did examine differences in type of lens opacity by racial group found higher prevalences of cortical opacity among African Americans (8) and African Caribbeans (7) . One study found no racial difference in the prevalence of nuclear opacity (7) , and the other found higher rates of nuclear opacity among African Americans (8) . Neither study adjusted for differential cataract surgery rates as a possible explanatory factor for differences in cataract type. The purpose of the present study was to determine the prevalence of lens opacities and cataract surgery rates among both African Americans and Caucasians enrolled in a population-based sample of older Americans, the Salisbury Eye Evaluation Project.
greater Salisbury area covers farms as well as blue collar and white collar businesses. The Salisbury Eye Evaluation (SEE) Project is a population-based longitudinal study of the impact of visual impairment and age-related eye diseases on functional status in older, community-dwelling adults (9) . To achieve these aims, in 1993-1995 we recruited a random sample of 2,520 residents of Salisbury aged 65-84 years for participation in a home interview and an eye examination at the SEE clinic.
The sample was selected from the Health Care Financing Administration's Medicare database, which is reported to include 98 percent of persons aged 65 years and older throughout the United States (10). Excluded were persons who were deceased, not residing in the sample area, institutionalized, or completely housebound, as well as those who scored 17 or less on the Mini-Mental State Examination (11) . The sample selected included all (100 percent) eligible African Americans, a 56 percent sample of Caucasians aged 65-74 years, and a 62 percent sample of Caucasians aged 75-84 years. Details on the population and recruitment methods are provided elsewhere (9) .
Written informed consent was obtained from each participant during the home interview, in accordance with the Declaration of Helsinki. Among persons who refused to participate, permission was sought to obtain answers to a short questionnaire which would permit comparison between participants and nonparticipants. Of those who refused full participation, 65 percent agreed to respond to the short questionnaire. In summary, of the original sample of eligible persons, 73 percent participated in the home interview and 65 percent participated in both the interview and the 4-hour clinical examination (9) .
At the examination site, the participant's pupils were dilated and lens photographs were taken. Two nuclear photographs of each eye were taken using a Topcon SL-5D photo slit lamp (Topcon Corporation, Tokyo, Japan) with the slit beam set at a height of 9 mm and a width of 0.1 mm, and angled at 40°. Cortical photographs were taken with a retro-illumination camera (Neitz Instrument Company, Tokyo, Japan), focused just posterior to the pupillary margin. A distance recording device similar to the one described in the Beaver Dam Eye Study was set to zero at this point (12) . The focus was then placed at the posterior subcapsular region; posterior subcapsular photographs were taken, and the distance from the anterior to the posterior lens was recorded. All photographs were processed by Wilmer photography using standard processing techniques. Photographs for each eye were placed in separate plastic sheets and were graded independently of knowledge of the status of the opposing eye.
Photographs were graded for type and severity of opacity using the Wilmer grading scheme (13) . Nuclear opacification was graded against the standard photograph for the integer grade, with decimalized interpolation between the standards, as described by Bailey et al. (14) . Cortical opacification was estimated by dividing the pupillary area into 16 sectors and estimating the amount obscured by opacity in 16ths (15) . PSC opacities were graded as present or absent, and if present, the maximum height and width were recorded. None of the gradings involve a visual acuity criterion. All gradings were done independently by two trained photograph graders, with adjudication by a third grader if the nuclear grades differed by more than 0.3, the cortical grades differed by greater than 1/16, or there was any disagreement regarding the presence or absence of the PSC. It was agreed before the study that all PSCs would be reviewed by the third grader, regardless of whether the first two agreed, so that experience in grading PSCs would be shared among all graders. PSC was still defined as present if at least two of the three readers agreed. Nuclear color was graded against one photographic standard (grade 2). Color was coded as less than, equal to, or greater than the standard 2.
A panel of 53 photographs was circulated at regular intervals during the grading process, which lasted throughout the 2 years of data collection. The graders regraded the set both initially and at various time points during the study. Interobserver variation was monitored, as well as intra-and interobserver variation over time, in order to detect drift. The kappa statistic was used to determine the level of agreement, corrected for agreement by chance alone; weighted kappas are reported here, with weights of 1, 0.75, 0.5, 0.25, and 0. The interobserver agreement at baseline for the nuclear photographs was 0.92 (95 percent confidence interval (CI) 0.85-0.99), and for the cortical photographs it was 0.95 (95 percent CI 0.91-1.0). The kappa value for intraobserver agreement over time was 0.83 (95 percent CI 0.71-0.95) for nuclear opacities and 0.81 (95 percent CI 0.60-0.92) for cortical opacities. There was no evidence of drift in gradings over the course of the study.
The prevalence rates are presented by racial group. Nuclear opacity was defined as the presence of a grade of 2.0 or higher in the photographs of at least one eye; cortical opacity was defined as the presence of a grade of 1/8 or higher in the photographs of at least one eye. Because PSC was relatively rare, only the presence or absence of PSC is shown, with no severity level assigned. "Any opacity" was considered present if at least one eye had nuclear, cortical, or PSC opacity as specified. If a participant had had unilateral surgery or had ungradable photographs of one eye, the companion eye was used to determine the opacity grade-a procedure consistent with other studies (5, 7) . If the participant had had surgery on both eyes, the operating surgeon's notes were used to determine the type of opacity and the date of surgery. Bilateral surgery had occurred in 245 participants, and the type of opacity was obtained for 185 (76 percent). Among those on whom no data were available, for 82 percent the reason was either that the surgeon's name could not be recalled or the surgeon was retired and the records were unobtainable. Study results are presented both including and excluding the data obtained from the operating surgeons. Differences between the races were assessed using the Mantel-Haenszel chi-square test to adjust for age and sex, and odds ratios adjusted for age and sex were calculated.
In addition to photographs, a clinical observer graded the status of the lens at the slit lamp, using the same grading system. This "clinical" grade was used to compare the status of participants with and without photographs.
RESULTS
A comparison of differences between the participants and those who refused participation showed no difference by race or by self-report of vision status (table 1) . Refusers were more likely to be older and to have less education. Once data were adjusted for age and educational attainment, there was no difference in participation by sex or marital status.
Of the 2,520 participants, 26.4 percent were African-American and 58 percent were female. A total of 245 (9.7 percent) had had bilateral cataract surgery by the time of their examination. Photographs of the lens nucleus of at least one eye were obtained for 2,110 (92.7 percent) of the 2,275 remaining participants (figure 1). Cortical photographs were obtained for 2,146 (94.3 percent). The primary reasons for an absence of photographs were a medical contraindication to dilation and equipment failure. Of the 2,159 participants with nuclear photographs, only 49 (2 percent) had photographs that were ungradable. The primary reason for this was the presence of cortical opacity which rendered the nuclear photograph ungradable. Of the 2,157 participants with cortical photographs, only 11 (0.5 percent) had photographs that were ungradable (see figure 1) .
Age, sex, race, and "clinical" grade of the lens were examined in the participants with and without photographs. For all types of opacity, the group without photographs tended to be female and AfricanAmerican (p < 0.05 for all opacity types). There was no difference in the clinical grade of lens opacity status between those with and without photographs {p > 0.05 for all opacity types). The age distributions and the presence of any opacity (based on photographs) or bilateral cataract surgery are shown by racial group in table 2. After data were controlled for age and sex, the odds ratio for surgery among Caucasians as compared with African Americans was 2.8 (95 percent CI 1.9-4.2). In each age group, African Americans were much less likely to have had bilateral surgery. The prevalence of lens opacity (any type) was 68 percent among African Americans and 55 percent among Caucasians. After adjustment for age and sex, the odds ratio for having any opacity (including surgery for past opacity) was 0.7 (95 percent CI 0.6-0.9) for Caucasians in comparison with African Americans.
The prevalence of nuclear opacity was lower among African Americans than among Caucasians, regardless of whether the data obtained from surgical records were included (table 3). The age-and sex-adjusted odds ratios for nuclear lens opacities in Caucasians compared with African Americans were 2.1 (95 per- cent CI 1.7-2.6) based on both photographs and surgical records and 2.0 (95 percent CI 1.6-2.6) based on photographs alone. However, African Americans had higher rates of cortical opacities (table 3) . Among those with photographs, the overall rate was 54 percent as compared with 24 percent among Caucasians. The age-and sex-adjusted odds ratios for cortical opacities among African Americans compared with Caucasians were 4.0 (95 percent CI 3.3-4.8) based on both photographs and surgical records and 4.1 (95 percent CI 3.3-5.0) based on photographs alone. For both nuclear and cortical opacities, the differences observed by race were not altered by the inclusion or exclusion of surgical data. However, the prevalence of PSC was markedly underestimated in both racial groups when reliance was placed on photographs alone (table 3). The prevalence rates doubled, and were still higher in Caucasians, if surgical data were also included. The age-and sexadjusted odds ratio for PSC in Caucasians compared with African Americans was 2.5 (95 percent CI 1.7-3.6) when both photographs and surgical records were included, and it decreased to 2.1 (95 percent CI 1.3-3.7) when based on photographs alone.
We sought to determine whether the racial differences in type of opacity for nuclear and cortical opacity were also reflected in the severity of the opacity (figure 2). We examined severity of opacity among those who had an opacity. Caucasians had more nuclear opacities, and they were more likely to have more dense nuclear opacities. The median grade for nuclear opacity was 3.6 for Caucasians as compared with 2.7 for African Americans. African Americans not only had more cortical opacities but also were more likely to have more extensive cortical opacities. The median cortical opacity grade was 3.5 for African Americans as compared with 2.5 for Caucasians.
Among the types of lens opacities that had been removed surgically, the data suggested that the predominant type among Caucasians was also nuclear opacity, either alone (33 percent) or in combination with another type ("mixed") (45 percent) (table 4) . Among African Americans, the predominant type of surgically treated opacity was mixed, and cortical opacity was much more likely to be present. Cortical opacity was present in the lenses of 18 percent of Caucasian surgeries and 52.3 percent of AfricanAmerican surgeries. These figures do not include the 24 percent of bilateral surgeries for which no data were available, and they are based on smaller numbers. There is some corroboration for the findings of differences in the distribution of lens opacity types in the group without surgery.
DISCUSSION
This population-based study of older African Americans and Caucasians found significant differences in types of lens opacities by race. These differences are not likely to be explained by differences in lens status between participants who did and did not have lens photographs graded, because there were no differences in grade of opacity as judged clinically in the two groups. Moreover, there were small numbers in the group of participants without photographs, and these numbers would not have altered the findings substantially.
The possibility that differential surgery rates might explain the racial differences was also explored. First, we examined the effect of adding the surgical cases to the prevalence of lens opacities in each racial group. In each age group in the study population, rates of bilateral cataract surgery were 1.8-3.8 times higher in Caucasians than in African Americans. A lower rate of cataract surgery among African Americans might explain the higher rate of cortical opacities in this population. However, when the lens opacities among the bilateral surgical cases were included in the determination of prevalence in both racial groups, there was still an excess of cortical opacities among African Americans. The addition of the surgical cases, in fact, resulted in a clear excess of PSC opacities among Caucasians in all age groups.
There was some indication that the presence of cortical opacity may not have been noted in surgical records. The addition of the surgical cases increased the prevalences of nuclear and PSC opacities in all age groups, except in those aged 75 years and older, where the prevalence of cortical opacities actually decreased when surgical cases were added to the photograph cases. However, the same decrease occurred in the African-American sample as well, suggesting that there was no racial bias in underascertainment of cortical opacities among surgical cases. The odds ratios for the racial groups did not change appreciably according to whether or not the surgical cases were included. Even if we apply the proportion of cortical opacities observed among African-American surgeries to Caucasian surgeries and add these to our estimates of the age-specific prevalence of cortical opacities among Caucasians, the prevalences are still considerably below the African-American prevalences. Thus, we feel that differential cataract surgery rates do not explain the higher prevalence of cortical opacities among African Americans as compared with Caucasians. We explored the possibility that selection bias in participation produced these results. Only 3.6 percent (n = 167) of the persons in the original sample were ineligible because of a low Mini-Mental State Exam- ination score, institutionalization, death, or lack of contact. However, a higher proportion, 46 percent, were African-American in comparison with the proportion in the selected sample. Theoretically, this differential ineligibility by race may have influenced the prevalence estimates of nuclear and PSC opacities among African Americans if ineligible persons were more likely to have these opacities. To test this possibility, we applied the age-specific rates for Caucasians to the appropriate age groups among the ineligible African Americans. The imputed overall rate of nuclear opacity increased from 33.5 percent to 36.1 percent-still well below the Caucasian rate of 50.7 percent. Similarly, the imputed overall rate of PSC opacity among African Americans increased from 5.5 percent to 6.7 percent, which is still below the 13 percent rate seen in the Caucasians.
There were no differences in participation status by race, so differential patterns of participation by race and opacity status would have had to occur in order to be a significant source of bias. Specifically, selective nonparticipation of Caucasians with cortical opacity and/or nonparticipation of African Americans with nuclear opacity would need to have occurred. We have no lens data on nonparticipants with which to judge the likelihood of these scenarios, although there was no difference in self-reported visual status by participation status. A comparison of our prevalence data with data from other population-based studies might have provided some insight; however, the Beaver Dam (4), Blue Mountains (6), and Barbados (7) eye studies Racial Differences in Lens Opacities 1039 used differing grading schemes, and these were not comparable with ours. For example, in the Beaver Dam Eye Study (4) , the definition of cortical opacity was 5 percent of the lens affected, whereas for SEE, the definition was &2/16; thus, the prevalence rates for cortical opacities among Caucasians would be expected to be lower (and were lower) in SEE on the basis of differences in the grading schemes alone. In the Barbados Eye Study (7), lens status was graded clinically, not in photographs, and a different grading scheme was used. Prevalence rates of both nuclear and cortical opacities among African Americans in our study were lower than those seen among the AfricanCaribbean participants in Barbados. The Barbados Eye Study had only 118 Caucasian participants with which to make comparisons; nevertheless, their data also suggested an excess of cortical opacities in persons of African descent and a nonsignificant excess of nuclear opacities in Caucasians (7) . There was selective nonparticipation by educational level, but lower educational level has been related to all types of opacity and would not explain the differences observed in these data (16) .
The First National Health and Nutrition Examination Survey also evaluated types of cataract within racial groups and found a higher prevalence of both nuclear and cortical cataracts in African Americans than in Caucasians (8) . In that study, cases of nuclear or cortical cataract had to be consistent with visual impairment of 20/30 or worse, and cases with multiple types of cataract or cataract surgery were excluded. The surgical experience of the different groups was not reported, and the absence of standardized assessment across numerous examiners in that study has made it difficult to draw conclusions regarding racial differences.
The lower prevalence of nuclear and PSC opacities in African Americans in this study has implications for understanding differential surgical rates. A high proportion of cataracts among bilateral cases were those with central opacification, nuclear opacity, and PSC. Cortical cataract typically affects the periphery of the lens, and is not problematic until it becomes dense and more central. In our series, 3.2 percent of bilateral cataract surgeries were in persons who had cortical cataract only; the rest had nuclear and/or PSC opacities present. We would not expect higher rates of cortical opacity in a population group to increase the rates of cataract surgery to the same extent that higher rates of nuclear opacity or PSC might. With lower rates of nuclear and PSC opacities in comparison with Caucasians, African Americans may well have a lower demand for cataract surgery than Caucasians. This argument presumes that the progression to severe, visually disabling cataract is the same in both racial groups; such data are unknown, and further studies are needed.
